Background: CircRNA myosin light chain kinase (circRNA MYLK) has been shown to promote the progression of various tumor diseases. The purpose of this study was to explore the potential molecular mechanism of circMYLK in hepatocellular carcinoma (HCC).
transcription regulators [10] . Multiple circRNAs have been found to be associated with liver cancer and play an important role in HCC [11, 12] . CircRNA MYLK is an important molecule that regulates myosin function and affects cytoskeleton, cell proliferation, and muscle contraction [13] . CircRNA MYLK was shown to promote the progression of various tumour diseases [14, 15] . However, current studies on the role of circRNA MYLK in HCC are relatively scarce.
It was well-known that circRNA can bind to miRNA to influence the biological behavior of tumors [16] . Meanwhile, miRNA is an evolutionarily conserved noncoding small RNA that binds to the 3′ UTR region of the target gene, leading to degradation of mRNA or inhibition of mRNA translation, thereby regulating gene transcription [17, 18] . Studies have shown that multiple miRNAs are abnormally expressed in liver cancer specimens and participates in the progression of HCC by regulating cell proliferation, survival and invasion [19, 20] . Thus, it is speculated that certain miRNAs may be potential new targets for the treatment of HCC. MiR-362-3p has been shown to be abnormally expressed in a variety of tumors [21, 22] . For instance, it was reported that miR-362-3p, as a tumor suppressor, inhibited the progression of Glioma by targeting PAX3 and LUAD tumorigenesis by decreasing the E2F1, respectively [23, 24] . RAB23 is an important member of RAS proto-oncogene family and is considered as an tumor promoter [25] . Rab23 is found to be involved in the occurrence and development of liver cancer, lung cancer, breast cancer, gastric cancer, skin squamous cell cancer and thyroid cancer, and is closely related to tumor progression [26] [27] [28] [29] . To date, the role of circMYLK in HCC has not been clarified and the underlying mechanism remains unclear. The purpose of this study was to explore the role and mechanism of circMYLK, miR-362-3p, and Rab23 in the progression of HCC, and hope to provide a new direction and theoretical basis for the early diagnosis and treatment of liver cancer.
Materials and methods

Tissues collection
HCC patients (n = 62) diagnosed by histopathology in the First Affiliated Hospital of Zhengzhou University from 2013 to 2014 were selected, and HCC tissues and adjacent non-tumor tissues were obtained by surgery. All the tissue samples were frozen with liquid nitrogen and saved in the − 80 °C cryogenic refrigerator. All patients received no other treatment before surgery and were given informed consent. This study was approved by the ethics committee of the First Affiliated Hospital of Zhengzhou University (Approval Number: 2017-16125).
Cells
Normal liver cell lines (LO2) and human liver cancer cell lines (Hep3B, Huh7, HCCLM3, SK-Hep1, PLC, and HepG2) were obtained from the cell center of Shanghai institute of life sciences. F12K medium (10% FBS) was used to culture Hep3B cells, and RPMI 1640 medium (10% FBS) was used to culture other cells. MiR-362-3p mimic, si-Rab23, si-circMYLK and the corresponding controls were purchased from Gene Pharma (Shanghai, China). Lipofectamine 2000 (Invitrogen, Waltham, MA, USA) was used to transfect the above oligonucleotides and plasmids into cells.
qRT-PCR assay
The qRT-PCR experiments were performed according to the literature [30] . GAPDH was used as the internal reference of circRNA/mRNA, and U6 was used as the internal reference of miRNA. Primer sequences were shown in Table 1 .
Cell proliferation assay
Cell proliferation was determined by cell counting kit-8 (CCK-8, Dojindo, Japan), and the specific operation steps were strictly in accordance with the instruction. In short, the transfected cells (2000 cells) were inoculated to 96-well plates for different times and incubated for 1 h in dark with CCK-8 solution of 10 μL per well. After culture, the absorbance at 450 nm was measured to reflect the proliferation activity of the cells. Meanwhile, colony formation assay was used to determine the ability of cell clone formation. In brief, the transfected cells (4000 Table 1 The sequences of specific primers Reverse: 5′-GGC CCC GGA TTA TCC GAC ATTC-3′ cells) were inoculated into 6-well plates and cultured for 14 days. After fixing the cells with methanol, 0.1% crystal violet solution was used for staining, and the colonies were counted.
Transwell migration and invasion assay
Cells in serum-free medium were placed into the upper chamber of the 24-well transwell chambers, and medium containing 10% FBS was added into the lower chamber as chemoattractant. After incubation for 24 h at 37 °C, cells remaining on the upper chamber were removed with cotton wool, whereas cells adhering to the lower chamber were fixed in 1% paraformaldehyde, stained in a day solution with 0.5% crystal violet and counted. For the invasion assay, the upper chamber was coated with extracellular matrix (BD Biosciences, USA), a soluble basement membrane matrix. The rest of the assay was performed as the migration assay. The HCC cells of migration and invasion were counted and photographed in at least five random fields under a light microscopy (Olympus Corporation, Tokyo, Japan).
Double luciferase reporter gene assay
Luc-circMYLK-WT or luc-circMYLK-MUT was cotransfected into cells with MiR-362-3p mimic or its control. In addition, luc-Rab23-WT or luc-Rab23-MUT was co-transfected into cells withmiR-362-3p mimic or its control. Dual luciferase assay system (Promega) was used to detect luciferase activity after transfection for 48 h.
Measurement of tumor growth in vivo
Hep3B cells (1 × 10 6 ) were subcutaneously inoculated into 6-week old female thymus-free BALB/c nude mice to establish tumor xenotransplantation model. Tumor volume was measured every 3 days. When the tumor volume reached 100 mm 3 (day 9), the negative control (n = 6), miR-362-3p agonist (n = 6) or si-circMYLK (n = 6) were injected into the tumor. After 30 days of modeling, the mice were killed. This study was conducted in accordance with the First Affiliated Hospital of Zhengzhou University guidelines for the care and use of experimental animals and was approved by the First Affiliated Hospital of Zhengzhou University animal experiment ethics committee.
Western blot
Total proteins in tissues or cells were extracted with RIPA cell lysate and quantified. The extracted protein was separated by 10% SDS-PAGE gel and transferred to cellulose acetate membrane. The membrane was incubated with the GAPDH antibody (14485-1-AP, Proteintech) or Rab23 antibody (ab181602, Abcam) under 4 °C for the night, and then was incubated with the second antibody at room temperature for 1 h. ECL solution was used to color the protein bands.
Statistical analysis
All data were expressed as mean ± standard deviation (SD). Kaplan-Meier plot, Pearson correlation analysis and student T test were used for data analysis in this study. P < 0.05 was considered statistically significant.
Results
CircMYLK expression in HCC cell lines and tissues
The expression of circMYLK in normal tissues (n = 62) and HCC tissues (n = 62) were measured by qRT-PCR. As shown in Fig. 1a , compared with the normal tissues, circMYLK expression in HCC tissues was obviously upregulated (P < 0.01). In addition, we also detected the expression of circMYLK in HCC cell lines. As shown in Fig. 1c , circMYLK expression in HCC cell lines was remarkably higher than that in LO2 cells (P < 0.001, P < 0.01), and circMYLK expression was highest in Hep3B and Huh7 cells, so these two types of cells were selected for follow-up experiments. No significant difference of MYLK mRNA expression was observed in HCC cell lines and HCC tissues (Fig. 1b, d ). Besides, we also analyzed the relationship between circMYLK and the prognosis of HCC patients. The results found that the survival rate of patients with high-level circMYLK expression was markedly lower than that of patients with low-level circMYLK expression (Fig. 1e) , and the overexpression of circ-MYLK was significantly correlated with patients' extrahepatic metastasis, intrahepatic metastasis and tumor size ( Table 2 ). As mentioned above, circMYLK might be involved in and facilitate the progression of HCC.
Effects of knockdown circMYLK on HCC cell proliferation and metastasis
The siRNA circMYLK (si-circMYLK) was transfected into Hep3B and Huh7 cells to investigate the role of knockdown circMYLK in HCC cell proliferation and metastasis. The results showed that si-circMYLK transfection remarkably inhibited the expression of circMYLK in these two types of cells (P < 0.001), but had no significant effect on the expression of MYLK (Fig. 2a , P > 0.05), indicating that si-circMYLK transfection successfully knocked down the expression of circMYLK. CCK-8 assay was used to indicate that knockdown of circMYLK observably reduced the cell activity of Hep3B and Huh7 cells ( Fig. 2b , P < 0.001, P < 0.01, P < 0.05). Meanwhile, colony formation assay results found that knockdown of circMYLK remarkably suppressed the colony formation ability of HCC cells (Fig. 2c, P < 0.01) . Besides, transwell assays showed that knockdown of circMYLK apparently decreased the invasion and migration of HCC cells ( Fig. 2d , P < 0.01). These results suggested that inhibition of circMYLK could restrain the ability proliferation and metastasis of HCC cells.
Identification of miR-362-3p as circMYLK target gene
Numerous researches have excavated circRNAs are mainly involved in regulating gene expressions by acting as microRNA (miRNA) sponges [31] , according to this point, we speculated that miR-362-3p contained circ-MYLK possible binding sites through biological information Starbase software (Fig. 3a) . Next, luc-circMYLK-WT or luc-circMYLK-MUT was co-transfected with miR-362-3p mimic or its control into Hep3B and Huh7 cells. As shown in Fig. 3b , the luciferase activity in Hep3B and Huh7 cells in miR-362-3p + luc-circMYLK-WT group was observably lower than that in the control group (P < 0.01), while there was no significant change in miR-362-3p + luc-circMYLK-MUT group (P > 0.05). Besides, overexpression of circMYLK markedly inhibited miR-362-3p expression in HCC cells, whereas knockdown of circMYLK showed the opposite effect ( Fig. 3c , P < 0.01). Furthermore, compared with the normal tissues, the miR-362-3p expression in HCC tissues was remarkably decreased ( Fig. 3d , P < 0.01). Simultaneously, there was a significantly negative correlation between miR-362-3p and circMYLK expression in HCC tissues ( Fig. 3e , P < 0.001). These results indicated that miR-362-3p was a direct target gene of circMYLK.
Identification of Rab23 as a target gene of miR-362-3p
Biological information Targetscan software found that Rab23 might contain binding sites of miR-362-3p (Fig. 4a) . Besides, luc-Rab23-WT or luc-Rab23-MUT was co-transfected with miR-362-3p mimic or its control to Hep3B and Huh7 cells. The results showed that, compared with the control group, the luciferase activity in Hep3B and Huh7 cells in miR-362-3p + luc-rab23-WT group was observably decreased (P < 0.01), while there was no marked change in miR-362-3p + luc-rab23-MUT group (Fig. 4b , P > 0.05). In addition, overexpressed (Fig. 4e , P < 0.001). In addition, a remarkable negative correlation between Rab23 mRNA and miR-362-3p expression was determined in HCC tissues (Fig. 4f , P < 0.001). The above results proved that Rab23 was a direct target gene of miR-362-3p, and circMYLK could up-regulate the expression of Rab23 by targeting miR-362-3.
Roles of Rab23 and miR-362-3p in circMYLK-stimulated HCC cell proliferation and metastasis
To investigate how circMYLK performed the its biological function, miR-362-3p mimic, and si-Rab23 were transfected into Hep3B and Huh7 cells to explore the effect on cell proliferation and metastasis. As shown in Fig. 5a , b, overexpression of miR-362-3p or knockdown of Rab23 observably inhibited circMYLK-promoted HCC cell proliferation and colony formation (P < 0.05). Besides, transwell assays showed that overexpressed miR-362-3p or Rab23 knockdown remarkably suppressed the invasion and migration of HCC cells enhanced by circMYLK (Fig. 5c, P < 0.05) . These results demonstrated that circMYLK might up-regulate Rab23 expression by targeting miR-362-3p, thereby promoting HCC cell proliferation and metastasis.
Roles of circMYLK in HCC tumor growth in vivo
The effect of circMYLK on HCC tumor growth in vivo was studied in a tumor xenograft model in mice. The relative expression of circMYLK in tumor tissues was significantly reduced by the transfection of siRNA targeting circMYLK. The miR-362-3p expression was significantly increased by circMYLK knockdown, which was further enhanced by miR-362-3p mimics (Fig. 6b) . As shown in Figs. 6a, c, d , circMYLK knockdown remarkably suppressed the growth of HCC tumors in mice compared with the control group (P < 0.01), and the volume and weight of HCC tumors in the si-circMYLK + miR-362-3p agonist group were observably lower than those in the si-circMYLK group (P < 0.05). Besides, knockdown of circMYLK markedly inhibited Rab23 expression in HCC tumors in vivo, and miR-362-3p agonist further suppressed Rab23 expression (Fig. 6e) .
Discussion
In-depth study on the molecular mechanism of the occurrence and development of HCC and the exploration of biological markers and drug treatment targets for the early diagnosis of HCC are the current research hotspots [32, 33] . CircRNA MYLK has been shown to promote the progression of various tumor diseases [13] . However, the role of circRNA MYLK in HCC has not been reported yet. In this study, qRT-PCR results found that circMYLK expression was remarkably up-regulated in HCC cell lines and tissues. In addition, the survival rate of patients with high circMYLK expression was remarkably lower than that of patients with low circMYLK expression, and circMYLK overexpression was observably correlated with poor prognosis. Yao et al. found that circZKSCAN1 was lowly expressed in HCC cell lines and tissues, and played an inhibitory role in the progression of HCC, which can be used as an effective marker for HCC treatment [11] . Liang et al. reported that the circβ-catenin was overexpressed in HCC tissues, which could accelerate the development of HCC by activating the Wnt pathway [34] . Therefore, this study preliminarily concluded that circ-MYLK might participate in and promote the progression of HCC. At present, studies have confirmed that circRNA can be used as the binding site for miRNA sponge to competitively bind to miRNA, so as to make miRNA lose its own functions and regulate the downstream target genes, thus affecting the biological behavior of tumors [35] . Liang et al. found that circ-ABCB10 could be used as a competitive sponge for miR-1271, thus accelerating the development of breast cancer [36] . In this study, biological information Starbase software found that miR-362-3p contained circMYLK possible binding sites. Meanwhile, luciferase reporter assay demonstrated that up-regulated miR-362-3p expression suppressed luciferase activity of the reporter gene of circMYLK's 3-UTR-wt sequence in HCC cells. Besides, we found that miR-362-3p was negatively regulated by circMYLK in HCC cells, and miR-362-3p was markedly negatively correlated with circMYLK expression in HCC tissues. These results suggested that miR-362-3p was a direct target of circMYLK in HCC. MiRNA can regulate the transcription and translation of mRNA by binding to the 3 'UTR region of the target gene [37, 38] . RAB23 is considered as an oncogene, which is involved in the occurrence and development of various tumor diseases [39, 40] . In this study, biological information Targetscan software predicted the possible binding sites of miR-362-3p in Rab23. The luciferase reporter assay proved that Rab23 had a direct targeted binding site matched with miR-362-3p. Simultaneously, Rab23 was negatively correlated with miR-362-3p expression in HCC cells and tissues, while positively correlated with circMYLK expression. The above results confirmed that Rab23 had a direct targeting binding effect with miR-362-3p, and circMYLK could upregulate the expression of Rab23 by targeting miR-362-3.
Abnormal proliferation and invasion are important characteristics of tumor cells, and invasion and metastasis of cancer cells will lead to poor prognosis of liver cancer patients after surgery [41] . Therefore, exploring the molecular mechanism of abnormal proliferation, migration and invasion of HCC cells is the key to better understand HCC metastasis and identify potential therapeutic targets. In this study, we found that knockdown of circMYLK observably reduced the cell viability and colony formation ability of Hep3B and Huh7 cells, and remarkably inhibited the invasion and migration ability of HCC cells. Besides, overexpressed miR-362-3p or Rab23 knockdown markedly inhibited circMYLKenhanced HCC cell proliferation and colony formation, and dramatically suppressed circMYLK-enhanced HCC cell invasion and migration. Interestingly, the level of Rab23 in circMYLK + si-Rab23 group was higher than the control group. That means there might be the additional targets of circMYLK in the process which the circMYLK regulated it in the HCC. Yu et al. showed that circRNA Cdr1as was overexpressed in HCC tissues and cells, and enhanced the invasion and proliferation of HCC cells by regulating the expression of miR-7/PIK3CD/CCNE1 axis [42] . Visually, we described a schematic diagram of circMYLK-regulated miR-362-3p/Rab23 axis (Fig. 7) to address the results of this study suggested that circMYLK might up-regulate Rab23 expression by targeting miR-362-3p, thereby promoting HCC cell proliferation and metastasis. Furthermore, the role of circMYLK in HCC tumor growth in vivo was also studied in a tumor xenograft model in mice. The results found that knockdown of circMYLK remarkably inhibited the growth of HCC tumor and the expression of Rab23 in mice, and miR-362-3p agonist further enhanced this inhibitory effect. It was further confirmed that circMYLK could promote the growth of HCC tumor in vivo by suppressing miR-362-3p and upregulating Rab23 expression.
Conclusion
This study explored the potential molecular mechanism of circMYLK in HCC, and our results demonstrated that circMYLK could alleviate the inhibition of miR-362-3p on Rab23 expression by targeting miR-362-3p, thus promoting the occurrence and development of HCC, which provide a new direction and theoretical basis for the early diagnosis and treatment of liver cancer. 
